Donor-directed human leukocyte antigen (HLA)-specific allo-antibodies (DSAs) cause graft failure in animal models of hematopoietic stem cell transplantation (HCT). Archived pretransplantation sera from graft failure patients (n ‫؍‬ 37) and a matched case-control cohort (n ‫؍‬ 78) were tested to evaluate the role of DSAs in unrelated donor HCT. Controls were matched for disease, disease status, graft type, patient age, and transplantation year.
Introduction
Hematopoietic stem cell transplantation (HCT) recipients may become alloimmunized to foreign human leukocyte antigens (HLAs) through pregnancy or blood transfusions. The resulting sensitization may include antibodies directed against mismatched HLA antigens of a potential stem cell donor. Recent National Marrow Donor Program (NMDP) analyses suggest that greater than 50% of unrelated donor HCTs are mismatched for at least one classic HLA-A, B, C, or DRB1 locus. 1, 2 In addition, mismatching at HLA-DP is observed in approximately 88% of all unrelated donor HSCT. 1, 2 Engraftment failure is observed at a rate of approximately 5% in unrelated donor HCT, and donor-directed HLA alloantibodies may increase the risk. 3 In a murine model of allo-sensitization, rapid graft failure was shown to result from alloimmune rejection mediated by antibody-dependent cellmediated killing. 4 Prescreening of patient serum and the identification of specific HLA antibodies could be used as part of a donor selection strategy designed to avoid a potential deleterious incompatibility.
Only a few studies have demonstrated that recipient sensitization to mismatched donor HLA antigens affects engraftment. In a study of marrow transplantations from HLA-mismatched relatives, graft failure occurred in 13 of 21 patients (62%) with a positive pretransplantation cross-match (patient serum vs donor T or B lymphocytes), compared with 31 of 501 patients (7%) with a negative cross-match (P Ͻ .001). 5, 6 Ottinger et al also found that a positive lymphocyte cross-match was a predictor for graft failure and poor survival after HCT from HLAmismatched donors. 7 Although a lymphocyte cross-match is an effective tool to evaluate alloimmunization and potential donor/recipient incompatibility, the procedure is labor intensive, may detect non-HLA antibodies, and is logistically difficult for remotely located unrelated donors because of the requirement for live cells. Non-HLA antibodies may be important in HCT; however, studies have not been done that support this point unequivocally. New solid-phase antibody detection technologies can better identify HLA-specific alloantibodies and are more sensitive than cytotoxicity testing and flow cytometry. [8] [9] [10] [11] Using these methods, it may be possible to predict alloreactivity against HLA mismatches for unrelated donor recipient pairs before transplantation. Takanashi et al have reported that virtual cross-match-detected DSAs predict graft failure of unrelated umbilical cord blood transplantation. 12
Methods
We designed a case-control study to retrospectively evaluate the effect of preexisting DSAs on engraftment in unrelated donor HSCT. Thirty-seven cases with available samples were selected based on the failure to achieve engraftment after transplantation and 78 controls that engrafted were selected for comparison. Cases and controls were matched for disease, disease status, patient age, year of transplantation, conditioning regimen, and graft type. Graft failure was defined as never achieving an absolute neutrophil count more than 500 with survival beyond 28 days. Patients had acute myeloid leukemia, acute lymphoblastic leukemia, chronic myelogenous leukemia, or myelodysplastic syndrome; 98% received myeloablative conditioning regimens, 100% received T-replete grafts, 97% received The publication costs of this article were defrayed in part by page charge payment. Therefore, and solely to indicate this fact, this article is hereby marked ''advertisement'' in accordance with 18 USC section 1734. For personal use only. on April 8, 2017. by guest www.bloodjournal.org From marrow, and 97% received calcineurin-based graft-versus-host disease prophylaxis (Table 1 ). Cases and controls were preferentially selected for the presence of at least one HLA mismatch at HLA-A, -B, -C, DRB1, DQB1, or DPB1 to serve as a potential allogeneic target. All HLA typing was verified using high-resolution DNA-based methods as described previously. 13 Pretransplantation recipient serum samples were obtained from the NMDP Research Repository. All surviving recipients included in this analysis were retrospectively contacted and provided informed consent for participation in the NMDP research program. Research was approved and conducted under supervision of the NMDP Institutional Review Board. A modeling process was used as previously described to adjust for any bias introduced by exclusion of nonconsenting survivors. 1 The sera were tested in 2 different laboratories using solid-phase microparticle methods with 10% tested in duplicate for quality control purposes. HLA antibody screening was initially performed on all samples by flow cytometry using FlowPRA (One Lambda, Inc). All samples with a positive panel reactive antibody (PRA) were further evaluated using the Luminex-based LABScreen single antigen assay or single antigen flow beads (One Lambda Inc) to determine HLA specificities. Samples were considered positive for specific HLA antigens based on a background-adjusted mean fluorescence intensity of more than 2000 for Luminex-tested samples or a mean fluorescence channel shift of more than 40 for single antigen flow bead assays. DSA assessments were performed by comparing the HLA antibody profile with the mismatched HLA antigens in the graft-rejection direction.
Conditional logistic regression analysis was performed to compare the PRA and DSA positivity rates between the graft failure cases and engrafted controls. Cox regression models were developed to test the impact of HLA-C mismatches, cytomegalovirus (CMV), and cell dose on graft failure rates, as these were not included in the original matching schema.
Results and discussion
The PRA testing found that 37% of all patients carried preexisting HLA class I or II antibodies before transplantation. Forty-three percent of graft failure cases and 32% of engraftment controls possessed a positive PRA, and the distribution by class I and II is noted in Table 2 . There was no significant difference in PRA positivity rates between the 2 groups ( 2 , P ϭ .221) or an association found between PRA and graft failure using conditional logistic regression (data not shown). Screening for the presence of DSAs in the PRA-positive graft failure cases and controls found that 8.7% were positive. Among the cases, 24% (9 of 37) carried DSAs, 3 with class I only, 4 with class II only, and 2 with both class I and II specific antibodies ( Table 2 ). In the control group, only one case was positive for DSA (class I and II). The DSA positivity rates were significantly different between the groups ( 2 , P Ͻ .001). The conditional logistic regression analysis found that the presence of class I (odds ratio [OR] ϭ 11.34; 95% confidence interval [CI], 1.49-ϱ; P ϭ .017), class II (OR ϭ 12.00; 95% CI, 1.46-551.97; P ϭ .014), or either class I or II (OR ϭ 22.84; 95% CI, 3.57-ϱ; P Ͻ .001) DSAs in the recipients before transplantation was significantly associated with graft failure (Table 3) .
Table 2. Results of univariate analysis comparing the rates of panel-reactive antibody positivity and donor-specific HLA antibody positivity between graft failure cases and engrafted controls
Further analyses were conducted using Cox regression models to evaluate a limited set of covariates not accounted for in the case-control matching, including patient CMV status, cell dose, and HLA-C match, because these variables had been associated with graft failure in a previous study of unrelated donor transplantations. 14 Cell dose (Ͻ 2 ϫ 10 9 /kg) and CMV status (recipient positive) were independently predictive of engraftment (P ϭ .01 and .03, respectively). No effect was observed for HLA-C match (P ϭ .84). The presence of antidonor HLA class I or II antibodies was still predictive of engraftment failure when adjustment was made for either cell dose (OR ϭ 15.49; 95% CI, 2.06-697.83; P ϭ .002) or CMV status (OR ϭ 7.94; 95% CI, 0.97-367.84; P ϭ .05).
Interestingly, antibodies against HLA-DP were quite prominent and were present in 60% of antibody-positive failures ( Table 2) . HLA-DP mismatching has previously been implicated as affecting graft-versus-host disease and lower relapse rates in the T-cell replete myeloablative bone marrow transplantation setting, suggesting its ability to act as a transplantation antigen. 1, 15 This suggests that, even though matching for HLA-DP may not be important for overall survival, if a patient has HLA antibodies directed against the mismatched DP type of the donor, there may be an increased risk for graft failure. Although it is possible that a higher cell dose, such as provided by a peripheral blood stem cell graft, could help overcome the engraftment barrier posed by DSAs, there are no clinical data available to define a cell dose threshold. Thus, HLA antibody screening is indicated for potential HCT recipients. Moreover, if HLA antibody is present, a thorough assessment of antibody specificity and donor mismatches is warranted before transplantation.
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